Several methods have been described for gene walking by PCR on uncloned DNA (2 -13) . In general, they suffer from limitations: they either avoid high-complexity whole genomes, require delicate manipulation or give contaminated products. This report describes a reliable and simple PCR (1) adaptation for gene walks from any specific genomic locus: unpredictably primed PCR (UP-PCR). Besides its similarity to some of those predecessors, UP-PCR offers several advantages: quality of products, simplicity, general applicability and a methodical approach to optimization. It employs undigested mammalian genomic DNA as the original template source and defined walking primers of known working range; it yields remarkably clean results, and can produce a gene walk in a single working day.
It employs two successive PCRs, for which four oligos are needed: two sequence specific primers (SPs) and two universal walking primers (WPs) (Figure 1 part 1) . The SPs are complementary to the known sequence from which one intends to walk. Both have the same orientation: 3' end towards the unknown region. They can be called outer specific primer (SP) and inner specific primer (iSP), respectively (Figure 1 part 1) . The latter gives the advantages of a nested primer and it is used at the second reaction. In order to save limited sequence information it has been currently made shorter than the SP (Table  1) .
The WPs are oligonucleotides of defined and artificial sequence. Based on preliminary experimentation they have been given a similar basic design (T m G n ) in order to fulfil the following requirements: promiscuous character for the first hybridization step (see below) and selectivity for subsequent PCR annealings. WPs differ from one another in their melting temperature (Tm), having therefore distinct working ranges, and at small changes at their 3' ends (Table 1) . A ~30-mer and a 17-mer are used at the first and nested reactions, respectively (see below). The sequence of the short WP (sWP) is contained within that of the larger WP (Table 1, Figure 1 part 1) .
Reactions were performed after preparing the following mixes: Sample mix, made in duplicate: 20 ng human or murine whole undigested genomic DNA (gDNA), 20 pmol WP, dH 2 O to 10 /A and mineral oil. For a control with pBluescript plasmid (Stratagene), its genome was present at 100 molecules per microliter of final reaction, among 20 ng of human gDNA as background to mimic mammalian single copy locus representation.
Polymerase mix (volumes per individual sample): 4 /*1 5x buffer (42.5 mM (NH 4 ) 2 SO 4 , 62.5 mM Tris-HCl pH 8.3, deionized Tween-20 and Triton X-100 (each at 0.25 %, sterilized by filtration through 0.2 pm and UV irradiation for 10 minutes), 2 n\ dNTP mix (with 2 mM each dNTP) and 0.08 /tl (0.4 U) Taq DNA pol (Amplitaq, Perkin-Elmer).
Both replicas of sample mix were incubated for 30-60s at 90°C in a thermocycler (GeneAtaq, Pharmacia-LKB) and suspended at 80°C. The next components were then added: 2 fd of MgSO 4 , from a 15 mM solution to the first tube and from a 30 mM stock to the second (solutions sterilized as already described), and 6 /tl of polymerase mix. Tubes were inmediately chilled in a water bath (15-25°C) and incubated at room temperature for 10 minutes. This low stringency annealing and * To whom correspondence should be addressed extension step will be referred to as first extension (Figure 1 , parts 3 and 4) and it was considered complete after a final 30 s incubation at 75°C on the thermocycler. Samples were held at 90°C and 2 /*1 of 10 /tM SP (20 pmol) were finally added. The first PCR started with the following program: 30 s at 94°C, 30 s at Ta (annealing temperature; see below) and 30 s at 75°C, for 30 cycles followed by a final extension of 7 minutes at 75°C. Some faster machines may require longer segment times. The Mg 2+ gradient between tubes helped optimization. The nested PCR used 1:1000 dilutions from the 1st reaction as 5 x concentrated template, sWP and iSP as primers (each at 0.5 fiM), and 25 to 30 cycles in otherwise standard conditions (same buffer and 1.5 mM Mg 2+ ). Its Ta has also to be stringent and is defined below.
The Ta is the most critical parameter for UP-PCR. Whereas a standard PCR can yield specific products within a Ta range of 10-15°, UP-PCR requires a much lower variation (~2°C). Under the chosen conditions it was found that a good correlation between the reaction Ta and the theoretical Tm calculation is given by the program Oligo (v 3.4, MedProbe), which is based on nearest-neighbour AG values (14) . For convenience the Tm under default parameters was obtained unconnected and taken as a reference value that is lower than the Ta. This program was sometimes used to decide primer length, as a function of Tm. Other programs using the same algorithm should give similar values. An alternative that gives equivalent results, only for the large SPs, is this adaptation of a published equation (15) where Tm values refer to Oligo estimations. Therefore we choose a WP with an Oligo Tm about 4° higher than the corresponding Tm of the given SP. For the nested PCR both primer Tm are balanced and Ta = 7m+14° has been used. Regarding the first PCR it is advisable to stick to fixed conditions, leaving the Ta as the only factor to optimize. Absence of products, specific or not, can mean either low or high Ta. From the initial value given by the rule of thumb, Ta can be varied in three degree steps until specific products are found. In this manner any new walk is normally obtained in no more than three trial reactions. In all cases where the initial Ta failed to yield specific fragments, increasing it proved to be the correct choice, sometimes in combination with a higher Tm WP while keeping the same SP, suggesting that the predictions are occasionally underestimates.
The reliability of UP-PCR for gene walking extends to every locus tested to date: different unpublished human and rodent sequences are among the shown examples (Figure 2 ). It has been used to access both promoter and intronic regions and consecutive walking steps were taken occasionally as desired. In every case the fragments proved to be correct after sequencing.
The WPs shown (Table 1 ) have been successfully used at every different walk tested within their working Ta range. In fact the WP needs to fulfil a loose criterion of complementarity to produce results in the first extension: three terminal 3' bases are the only fixed condition, apart from variable base-pairing stabilization from the rest of the primer (not shown). D74 has given clean products from 61 to 63°C, inclusive, whereas C69 worked from 63 to at least 66° (not shown).
The unpredictable feature applies to the position from which the PCR primer of arbitrary sequence extends distally to the locus specific oligonucleotide. The high stringency needed limits the product size range to about 500 bp (Figure 2 ). Longer fragments not visible with ethidium bromide staining have not been explored.
